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(54) METHOD OF DOPIHG OXYGEN TO GAUUUM NITRiDE CRYSTAL AMD N-TYPE OXYQEN-DOPED 
GALUUM NITRIDE SINGLE CRYSTAL SUBSTRATE 

C57)AbstraGt: . ^ ^ - ^ ^ 

PROSlEM to be SOLVED: To provide a method of growing a galHum ^ ^ 

Hit! icL> Si'ic e cty^tai which can take oxygen within the crystal 3$ an N~ 
type doparii. 

SOL JTIO\ Irs ire Jk^J j^fowpj; a gaiiiurr^ nitride crystal, a seed 
crystal having a face other than a C-face on the surface (upper surface) 
iS used and, while a gailium raw mateHai, a nitrogen rm material and raw 
gas containing oxygen to be doped are fed to the seed crystal, and the 
gaiiium nitride crystal is vapo>-~gTovvn while keeping the surface other 
than the O^iacu I huo the oxViOen is doped wjih n tne galiiufti nitaide 
crystal through Ihe iurfice. Cr a seed cr-ystal having a G-face on the 
surfao? =s ijsed and. Vvhs:^- a gaiiium raw matenai, a r.itrog<2in raw matenal 
and raw gas containing oxygen to be doped are fed to the socd crystal a 
facet-fac© other than the O-face is generated on the surface of the 
seed crystal and a gailfum nitride crystal is vapor-grown in the G-axis 
dirsctson of the seed crystal while keeping the facet-face, whereby the 
oxygen is doped within the gallium nitride crystal through the facet-faoe. 
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CLAIMS 



[Claim(s)j 

[Oiaim 1]By carrying out vapor phase epitaxy of the galltun- nitride crystal, fnaintalning the su^tace of fixed 
directions other than G side, supplying niatenai gas containing a galliun-: rgw material a nitrogen matsriai. and 
oxygen that should be doped excluding Si compound. An oxygen doping method to a gallium nitride crystal 
performing oxygen dopirsg durlr-sg a crystal through fiefds other than tine C side concerned 



[Ciain-i 2iAn oxvgsn doping method to the gallium nslTide crystal according to cssirn s pedormmg oxygef> dopsrsg 
iksflng B cr\-stai t^fough a |kk-2khl side by gmwing up a gaHiufn nitride crystal mairstajning a |kk"~2kh| side (k and 
h are sntsgers), 

[Giairn SjAn oxygen doping method to tiie gaiiium nitride crystal according to claim 1 performing Dxygers_ doping 
during ,3 c?-v'stai thr>ou»h the |k-"k Oh| side by growing up a gallium nitride crystsl maintsirting the fk-k Oh] side (k 
and h are integofs.?. 

[Ciisim 4] An oxyge.n doping sriethod to the gaiiiimi nitride cfystai according to cisifn 2 performing oxygen doping 
dunng 5 c>-/stal ihrou^eh ri 1 -20] side by growing up a galliiim nitride crystal, maintainirsg f1 1~20] side (A side), 
[Ciain-; 5lAn oxygsn doping fr^ethod to the gaiHum mtrids crystal according to Ciairi-s 3 psrforrriing oxygen doping 
dunng s crystal through (r-IOOj side by growing up a galliurr? nitride crystal, friaintaining tl-100i sidu (M side). 
[Ciaijr; SjSuppiying n^atariai gas containing & gaiiium raw material, a nitrogen it^ateriai. and oxygsr; tnst sriouid b« 
doped excluding Si compound when ;iaaking c shaft orientations cany out crystai growth of the gaiiiur^-? nitride;. 
An oxygsn doping method to a gaiiium nitride crystal performing oxygen doping diiring a crystsi through thg facst 
susface concernsd by rnsking c shaft orientations carry out vapor phase epitaxy of the gailiun^ nitrids crystal, 
gerisratir^g facet surfaces other than C side, and rr^intsining a facet surface. 

[Claim 7j8y re.5kir<g c shaft orientations carry out vapor phase epitaxy of the gallium nitride crystal, generating a 
facet surfac.3 e>^pressed by ikk~2kh| (k and h are integers), and maintsisiini a fki<~2kh} facet stsrface,- An axygen 
aopi-g -^.^ ' c . c .ro £2 1—! 1 tride crystal according to claim 6 performing oxygen dopirsf ounig a costal 
through a |kk-£khi facet surrace. 

[Claim SjAn oxygen doping method to the gallsum nitride crystal according to claim 7 performing oxygen doping 
f^om tne %.cet surface corscernsd by having and carrying out crystal growth of the facet surfece which consists 

[CUiia-; 9^8 y rrnKin? r. --haft onentations oarr/ out vapor phase epitaxy of the gallium nitride crystal generating a 
facet surface expressed by ik~i^ Oh| (k and h are integers), and n'saintainsng the {k-k Ohl facet surface, An oxygsn 
doping method to the gallium nitride crystal according to claim -S pcfornvrig oxvRen •'SGDing during a c.s^/stai 
through the fk-k Oh! facet surface. 

[Claim lOjAn oxygen doping method to the gallium nitride crystal according to daim 9 perfornrsing oxygen doping 
from the facet surface oonc^ned by having and carrying out crystal growth of the facet suiface which consists 
of|1" 1011 side. 

lOlmrn UlTwo or -r^ore kinds of facet si^rfaces wher*; pbne dVections expressed by (kk"2kh| (k and h are 
integers) and ik~k Oh) (k and h are integers? differ are gsnerated. By making c shaft orientations carry cut vapor 
pi'sase epitaxy of ths gallium nstnds cr><stal maintairs^ng' a facet surface of rKH-2kh| arsd ii-v-i' Ohi, .An oxygen 
doping method to the gaiiium nitride crystal according to ciaim 6 performing oxygen doping durirsg a c-ystal 
through [kk-2kh} and the ik-k Oh| facet surface. 

[Oiaim 1 2]Suppiying materia! gas which does not contain Si compound but contains a gai!lu.m raw material, a 
nitrogen material oxygen, or an oxygen compound on a gsilium nitride ssn^e crystal substrate with fseids (un-0 
side) other than C side. 3y making un~C shaft orientations carry out vapor phase epitaxy of the gallium nitride 
crystal, maintaining the surface (un-G side) of fixed directions other than C side. A n type gallium nitride single 
crystal i;ubstrate i,vhlch is the un-C side n type which was cbtainad without, having performed oxyger; dopir^g 
during a crystfil through un-G sides other tlian the 0 side concerned and removing or removing a-j un~0 sidfe 
gairi-vjm n;trici=? substrate, and which has become independent and contains oxygen as a n i/oe i-Tpurity and by 
whicii tise cxy;;-2n dope was carried out. 

[Ciairn 1 3]By growir^g up s geliium n-tride crystal maintaining a [kk~2khl side on a gallium nitride sir;gie crystal 
substrate with a ikk -2kiil side {k sr^d h are integarsX The n type gallium -iitride sir^glw crv.5;tal crysta: Siibstrate 
according to ciasm 12 having a (kk-2kh| side with a n type obtained by perrcrmirg oxygen dop;ng during a crystal 
through a |kk~'2khl side and by which the oxygen dope was carried out. 

[Claim 14]By growing up a gallium nitride crystai. maintaining the [k-k Oh] side on a gallium nitride single crystal 
substrate with the [k"k Oh] side (k and h are integers), The n t.ypD geilium nitr-de single csi/stal subiUrsto 
according to claim 12 having the fk-k Dh} side with a n type obtairjod by performing oxygen doping curm a 
crvstai through the [k-k Oh| side and by which the oxygsn dope was carried out. 

[Claim UijBy growing up a gails^jm nitride cr/sta; mairtsining {i i~2Gl side (A side) on a gallium nitride substrate ^ 
with f11-20| side (A side). The n type gallium nitride single cf-ystai substrate according to ciaim 13 having {I l"20l 
side (A side.) with a n type obtairied by performing oxygen doeing during a crystal through tl l~20j side and by 
which the oxygen dope was carried out. 

[Ciaim rSjBy growing up a gsilium nitride crystal maintaining {1-100} side (r.'1 side) on s gaiiium nitride single 
crystal suijstrate with ft-UlO) side {U side). The n type gallium nitride single crystal substiate according to claim 
14 having f1"1(K)! side side) with a n type obtained by performing oxygen doping during a cj-^^stai tlTrough 11- 



100} tjide and by which th% v.<Vii;ei? dope oa'ritd out 

[Ciairr 1 / jSuppiyinn rnauariai ga? -Nh^ch contains a fSiiSium -^a rv8U;r ;J a -estrogen nnatenaL oxygen or srs oxygen 
con-Dound. and does not. coniaSn Si conpcund on a substrate or fT^ster^ftK; olher than gailiism nitride, or C side 
gsiiiiirn nitride subi;traie. 8y mak-ng c slian oner?tat!ons carry out vapor phase spiraxy of ins gaiiiufn niuide 
c;-\'stai, generavi'ig fscet surface.s other than G side, snd maintsining an un~C sido *"ac«t surface. Polish f'en^>Dves 
a facet surface fron* a c-r/stai obtair?ed by performing oxygen doping during a crystal through the un~0 Side fscet 
surface concerned, A n type gallium nitride single crystal substrate which is G side rs typs which is obtajrsed 
without resTioving a substrste when substrates other than galiiurr? nitride srs used, rersiovmg & substrate >vhen G 
side galiiufri nitride substrst*; is used, or rg!7-:ovine: a substrate, >?,pd wH^ch has beoonse indapsndont and contains 
o.<vgg!i as a n type ii^pun-y and by which the oxygen dooe wssi: ;ja'ri?d riut 

[Gbirn ISjBy snaklrig c shaft orientations oarry out vapor phass epitaxy of the galiiuni nitride c*'y<;iai. generating 
a facet ijurface expressed by ikk-2kh} (k and h are integers), arid maintaining a ikk~.2kh] facet sijs-j^aoe. The n 
Lype gsiiium nitride sin.g5e crystai substrate according to claim 1 ? which is C side n type which wa.s obtained by 
having p«:ilorsT:ed oxygen doping during a crystal through a ikk-2kh| facet surface, and having removed a lkk"2Kh| 
facet sufface by poii-:!?, and %'hlch has become independent and contains oxyger? as a r! type impurity and by 
widish tne oxygen dope was carried out. 

[Ciaim I9]8y having and carrying out crystal growth of the facet surface which consists c-f h "s-2.?.l side, Tm v> 
type gaiiiurn nitride singie crystal .^substrate according to cisi.m 18 being G side, n tyce which wax obtained by 
having performed oxygen doping snd having removed fj 1~22| from the fl \~2Zl facet sustsce concerned by posisix 
and ^hich has become independent and contains oxygen as a n type Irr^urity and by which the oxygen dope was 
carried out. 

[Claim 2D3Sy f^iskinf'; c siiaft orientations earn,' out vapor phase epitaxy of the gallium nitride crystal, generating 
a facet surface expressed bv ik- k Oni {k and h are irstegers.-. and irsaintaining the iK~k Oh) facet surface. Perform 
oxygers doping durkvi a cr/stai throu,2;n the (k-k Oh} facet surface, and tne |k-k Oh| facet surface by polish. The n 
type gallium nitride sir^gie crystal substrate according to claim 17 being C side n type which was obtained by 
having remcvad, and which has become independent and contains oxygen as a n type impurity ar^d by which the 
oxy g« n dap e was carried out; 

[ClaiJT^ 21]By having and carrying out crystal growth of the facet surface which consists of {1-1011 eide, The n 
type gaiiium nitride single crystal substrate according to claim 20 being 0 side n type v/hlch was obtained by 
perform.ing oxygen doping and removing f1~101j side from the facet surface concerned, and which has become 
independent and contains oxygen as a n type impurity and by which the oxygen dope was carried out 
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DETAILED DESCRIPTION 



[Detaiied Description of ths Inver^tionj 
[0001] 

[Field of Uie InventionlThis invention re rit.=o v ■-^.'i-- 'i'Dinp, ixnhod tne gaHur^i n-tr d-s v3aN = 
monocr^/stai substr.ato orysta' used for the light errsjLtsng dscOe which -isonsiaU^ ot a 5-5 %;io^\-s n,-; \:io ::.ised 
compound semiconductor, isghL-emitting devices, such as a semiconductor ias?or a^-d an '?iectr ce^-ioo. It ^s 
iinpunty doping to the GaN crystal in the GaN thin film growth and GaN bulk f^^'Stai gr^n-vth \vS-^=ch ca*-^, cut EP] 
growth on a sijbstrale itsoif. It is g<?re-alV exor(^ssed as a nitjide based compojrd ^;?mi"cnd.iCto" oecause ti^e 
thin fili-p iaminated may iasTiifiata not ony a GaM thi i f\\m but the 3 yuan mix csystai Slrs-s ard vuar; mix crystal 
fiin^ vvhioh added ingredients, such as In, P. As, and -~, to this. The active iayor which ge-eratos 'ight is GaInN 
However, a subject is GaN, Since there is also an ingredient of it has been correctly dssc-'ibed :is the 



nitrsde systefY^, therefore — in Mum descnptiosi a QaN system devsce and a GaIr?N systsm device — 

although expressed, ths sa?T?e th^ng Is very needed. 
[0002] 

[Dsscnptior; of the PHc-r ArtjThe light-errsitting device using a nitride tsystesn ssrrjGonductCf begins blue IJ::D, 
ar?d uUiization is aiready made. Conventionally, as for the iiglit-en-sittsng device using a nitride system 
serrsiconductor, sapphire was used as a substrate. On a sin^e crystal sapphire substrats, a GaN byer, a GalnN 
layer, etc. are grown epitaxlaily and it Is considered as an spiwafer. It is SI which b used as & n type dopant tc 
GaN. .A Ga?r*N™LED deviss is produced according to a wafer proesss on an epiwafer. Sapphire is the strong, 
extrerneiy stable substrate, A GalnN lever carries out EPI grov^'th to s GsN laysr -sr a pan good on it at s 
sapphire substrate top The biue LED of a QaN system is mad-i o"; ihe i:apphire substrate feV'sn now. sspphire 

(alpha-siursinLim ,.,0^) and GsN — a grating constant being differerst (mismatch) — a Qas'4 layer stiis grows 

vveli on a sapphire substrate. And & GaN layer does not deteriorate In spite of OKistence of a great 
rearrangement, but is strong. 

[0003]Since sapphira rf>ake<; the single cr/stai of a trij^ona; system, a GaN thin t1im is grovvr^ up on ths C side. 
Since 3 Gr>'3tai systsr^^ differs between sapphire :-.na GaN, tiiey cannot grow Ga'^i epitsxisiiy only on C side which 
hss syti^rnetry 3 times. Therefore, each QalnN-LED which is used now and has a track record is a sapphire 
substrate of C side from the set of the thin film which gr^w up to bs o shaft oHsntations. 
[0004lThat is, each spilayer, such as QaU, a GaInN thin fiim, etc. ors a sapphire side, is carrying out 0 side 
gro'A'th. ,As iong as sapphirs is used for a substrate, orjiy C side growth can be pertorfr.ed. Having" grown 
epitaxiaily in other plane <irectlcn3 v><as invocssiijse. Therefore, each QaioN-LED and GalnM-LD which ars 
manufactured rsow and us^d are a pile about those, such as GaN of C side grov.'Vth. and a GalnN layer and the 
tiiin riim of father plana directions does not exist. However, about ELD (ep-taxiai iatsrai ovsrgro^'/th,) or pendeo- 
epi. ileids other than 0 side &pp&&r in an end by stages in the middie of grov^.th, .snd it is -iot the iimltatien, 
[OOOSjAlthough lattice mismatching is large and sapphire and GaN have many defects, the defect in v/hich have 
the seourity near ceramics and a defect does not grow up to be inc^'eases QaM, and <loes not necessanly 
brittleness-ize it. Although it ss abundant defect density, it is long lasting. GaN~LED already has a thick track 
record, and high evaluation is made, 

[0006jHovvever, s S3PPi"»!"e iiuhstrate has .^ome faults. A sap.ohire siibf;■^^'3■te is very hard and there is no cleavage 
plane. Therefore, after forn-!ir\g a device on a w.af6r according to s wafer procss,s, when starting for s chip, 
cleavage cannot separats. There Is no other way but to cut (dicing). It beson-ses a high oo.^.t for a dicing process, 
[OOOTjIn the case of LED, it is still good, but in ths case of LD (semiconductor laser), the n-^irror surf'sce which 
makes a resonator is required for the both sides of an actsve layer. Since there are not and a cleavage plane, 
a mirror surface cannot be fcrmed by natural cleavage. It is necessary to process \he and face evenly [ it is 
accurate and ] smoothly by g^s phase etching, such as F?!E (reactive ion etching), etc,, and to take out a mirror 
surface. This is not easy \'-/ork. It must be processed for sv3,>'y chip and is compsiceted work It is the cau-ss by 
which the work of re,s;onato;- figuring pushes up the mariMfacturing cost of Ga!nM systenr-LD 
[OOOSjFurthermore, it cannot be said that it forms an electrode In the bottom since sapphire an insulator, p 
electrode and n electrode must be formed in the upper surface. It is necessary to laminate a so.!rs6 layers n type 
if.ryer on a sapphire substrate. Since current flows horizontally, a n type conductive layer must be formed thickly. 
On the laminated n type layer, a p type layer is stacked and pn Junction is formed. Although p elect.s'odo Is 
natuj'ally .attached to the p type layer on the upper surface, remove s little p type layer of a peripheral part, a n 
type t-.yer ;^ mads to expose, end there is complicatedness of carryifig out ohmic junction of the n electrode to 
tr:e portion. A routing counter and process time increase and it becomes a high cost. The area of the necessity 
of fcrcning an electrode in the same side two places to a .required chip beccmes large. Cost escalation was 
caused also from thv:: point The above faults are unconquerable although LED of a GaN system of a s-spphire 
substrate has a track record. 

r0009lThe ideal substrate which can solve such a problem is a GaN single c-ystal substrate. Since euiiayefs, 
such .^s GaN ar-d GaInN, are made to deposit, if it is a GaN board, there vviii be no problem cf the mismatch of a 
crystalline lattice If n type GaN can bs made to it, it. will become possible to take a r; type electrode from the 
bctton? .cf a chip. If p electrode and ,n electrode can be dis-tr byied end down, device fabrication will also 
become easier, and in mounting to a package, wirebcnding also becomes easy, Reouired chip areas are reducible. 

[OOlDjRather than anything. Since there is cleavage in GaN, a wafer can bs cut down for a chip by natural 
cleavage at it However, there is a cleavage plane in the direotiors of the neighborhood of an equilateral triangis, 
-snd it is not a cleavage plane on a rectangle. Therefore, the chip of rectangular shape cannot be started only by 
cisavsge. Unlike the point $i semicondiictor and a GaAs semiconductor, it is a disadvantageous point However, 
the part can carry out chip sepai^atlng by cleavage. Therefore, logging processing by dicing is reduced. VTrssn 



using it vVith serrsiconductor laser ILD), the mirror surface of the sndispensabie resonator cars be mads by 
cieavage. If a flat smooth misTor surface is made by cleavage. GalnH system blue LP shouy be able to> be mads 
mom simply, 

[001 llHcweven it was. quality and the GaN single crystal of the iarge a^-ea bad not been raised for a longtime. 
Sines a GaM board could not be obtained, it was imposisibie to produce LED of a QabiN system and LD on a Ga.N 
board. Tharsfore, LED on a practbal GaN board and L.D were not abis to be produced. 
[00l2]Sinse the steam pressure of nitrogen Is high, a GaN crystal cannot be made fj-om the usual Ozochralskl 
method of attaching and puliing up a ssed crystal to the crucible into which GaN melt was put Only a .-s.^aii thing 
can be manufactured, although uitra-high cressure can be applied and a GaN single crystal can be con-ipounded 
It \s imposs;ibie to gro^v up ths Q.aN crv,^;t.ai of a very pr^icticai s;.rs A Ga^^i single crystal canf^ct be nf^ada with 
the boat method which puts in and carries out heat nisiting of ihd poiyorystai into trie; boat anclos&d with the 
quartz tube, and is solidifisd from an end= either. The iarge-sizcd substrate of GaN \^'as not able to be 
rr^sriufactured by other crystal grov-'/th art., either. 

[0013j;Hovvever, recent years coma, the technique of grovsing jp the single crystai of GaN With vapor phase 
growth is proposed, and various improvement is made. Sines there is no large-sized GaN board, the subst-at^ of 
a dissimilar material is ussd. The single orysiai iaysr of Ga,M is deposited on the substrate with the same vapor 
phase synthetic method as grovvth of thsn -film. Although vapor p^\'ss? growth erSgnaily meti-od tv-r gfcvvlfi of 
a thin film, a thick crystai layer is obtained by maintair^lng groyti cvar t^n^e if e tnsci-, G.5H o'ys"ai grov>'s. the 
substrate of the simpie substance of GaN will be made by removing a substrate by etching or polish. .A vsr>' 
nuic.h good GaM crystal cannot be obtained only by. of course carrying out vapor phase synthesis simply. A M of 
devices are reqjiired. 

roO;'1jv\3pOi" pi^ase synthesis hsi- some different methods. Each of these is the techniques developed in order to 
gj'ovv UP the th-r; layer of GoH on a sappiiire .substrate, Metaf-organic chemicai vapor deposition (K-100VD) which 
uses, an organic mcial (for oxa.mpie, trimethyigallium TMQ) and ammonia as a raw material, HVPE (hydride vapor 
phase epitaxy) vvhich psAs a gaiiium simple substance into a boat, ■Dxidi;:e5 with HCi g^^i. and is set to GaCI, 
There are a UOC method (organic-mstai -sait ghost vapor phase growth; vvhich ■Tja-'-es i-iCi react to an organic 
metal, niakes GaCi and is made to react to ammonia, and the sublimating method which is made to heat and 
sublimate GaN pdyorystal and is made to deposit on a substrate. It can use for making it up on a sapphire 
substrate, and manufacturing GsInN system LED of point **. Each has the strong poirrt and demerit. 
[OOloKD Metal-organic chemicai vapor deposition (the MOGVD msthod) 

Among those, the tvlOCVD method is used best. In the rc^scto^' of a ooid wail, by sprayijig ti;e <;::ipphir.-.: :\;:i->,-.?r-;ie 
which heated the material gas which diluted IMG and arn.monia with hydrogen, a reacticr; is mado to cau^-;.!;- 
promptly on a substrate and Q&H is compounded Sioce this .sprays a bt of gas and only tha part cor^tf^bsnf-s it 
to GaN thin t1lm foj-matlon, tha remainder becomes useless. Yield is low. A growth rate cannot be enlas god, 
either. Although it is good for formation of the GaN thin layer v^^bh makes a part of LED, it is not fit for staci<.ing 
a thick GaN crystal layer. Since the carbon contained in an organic metal at it mixes ss an impurity, the 
oharaotsristic may be dropped. 

[00161(2) Organic-metal-salt ghost grown method (the MOC method) 

The MOO miethod maizes JMQ and HCI react in a hot wall type .'-eactor once m.aises GaOl, is made to reset to 
ammonia near the substrate which made thi.s heat, and is set to GaN, Since this method passes through GaCi, 
there is less carbonaceous mi.King than the MOCVD m>ethod, but it still has carbon mixing, and may cause the fall 
of electron mobility, etc. 

[00 1 ?1(3) Hydride vapor phase growth (the HVPE method) 

The HVPE method uses Ga siniple substance as a raw material. Dravving 1 explains. The heater 2 Is Installed in 
the circumference of the f;ot wall type reactor 1, The .ps introducing pipe.s 3 and 4 for Introducing two kinds of 
material gas into the upper crow^isn; cF t^u^ -'o;;rlor ^ tv^r-n^id The Gs boat 5 is e.>taPiished -n the ir-ternai 
headroom of the reactor L The Ga meit 8 ss accommodated in the Ga boat 0, and it heats with the heater 2. The 
opening of the uppe*' gas inlet 3 of the reactor 1 is carried out toward the Ga boat 5, This irriroduces H^-t- HCi 
gas. The opening of another gas int«-oducing pipe 4 Is carried out in the lower part from the Ga boat 5. This 
introduces h^-^NH^ gas, 

i:;0018jThe susceptor 7 is supported by the lower part of the building envelope of the reactor i with the axi.s o^" 
rotation 8. enabling free rotation rise and fall. A GaAs substrate is earned on the suscsptor 7. Or if a Oa,As 
substrate can be left and GaN can be made, a GaN board can also be carried on the susceptcs- 7, The susceptor 
7 and the .substrate 9 are healed with the heater 2. if liCi {*-H^) gas is supplied from the gas i-^troduoing pipe 3 
and the Ga melt 8 l.s sprayed., the gaseous intermedsats product of QaGI will be made. This contacts ammonia 
near the substrate heated by falling in the inside of a furnace. The rsactic.?? of GaCI and NH^ occur^i on dse 



substrate JJ, snd GaN is cornpound^-d. Sinot' a raw material does not contssn carbor^, csrbon does not mix in a 
GaH thin f!in\ but thSs n-sethod hss an gdvsntage of it not being said that an slectr-csi property i>n degrsdsd. 
[0019j(4} The sublii-nating method GaN cannot be done in meit, uniess it appiies high voltage, it vviP subfimate, if 
it heats with low p:-essura. This method makes GaN polycrystai hsat snd subiimate, and convey;: the ins:de of 
space, and a substrate with a ;ower teniperaturs is made to deposit it 

[0020jFuft.hern-ior«> irnprovenierst of the techniipe of growing up a GaN thin ftifrs on a sapphire substrate iS sAeq 
proposed. One of the loading improving methods is described. 
[0{)2 i ][The iaterai overgj-owth method (Lateral Overgrowth)] 

Usui "'thick fiim GaN crs'stai growth by hydride VPE" Institute of Electronics^ inforrtvrUon and 
Gornmuniaation Engineers paper magazine volJSl"C~sl No.l, p58-64 {Jar^ua'-y,, [D022j=***-r has detaded 

explar-ation of ths GaN growti-i by the iateral overgrowtli method. The mask vv-bich has a stnp6«;-iike (or stripe 
shape) window on a sapphire substrate is attached, and GaN is grovi?n up on it. A separate cryst-ai grain grows 
out of a window, b window is exceeded, and st unrtes on the mask besides a window. Therefore, defect density 
decreases. When thss attaches a GaN film on a sapphire substrate, it is a device for rediioing defect density, 
[0023]this ifwention person is advancing improvement about ths manufacturing method of the GaN crystal 
substrate vyhich used the HVPE method also m the vapor phase synthetic method. Since it tries to make 8 GaN 
board, a dissimiiar material is used as a substrate, but if sspphirs is used as a substrate, it cannot remove only 
sapphire. It is chennicaily arsd physically strong and only sapphire can be renioved by neither polish nor etching, 
[D024jThere is a method of lislng GaAs as a substrate to it. On the substrate of GaAs which has symmetry 3 
times, GaN is grovvr; up by using Ga metrs' :i-<; i-yb-oEen -Las dduU^jn HCl and hydrogen gas dilution NH.^ as a ravv' 
n^iaterial. Naturally it grows up to be c shai'l crieniaiians. and a grown SLsface is a C side. .A fearran/semern. ,r;,rov^s 
up to be a line as it is. it is extended eterneily, without a rearrangement disaopearing. 

[002S]Then, after a GaN layer grows up to be a GaAs substrate directly or to some extent, thi:;. :;:vx.ni..:on person 
has onginated ths method of carrying ths mask which has the regular and arranged hole and continuing growth of 
GaN through mask hobs, etc. This applies ths lateral over^owth method (Lateral Over^owlh) to the GaN 
.^oV'j'th on not a sapphire substrate but a GaAs substrate. For example. It is based on these people, [002Sj*'?= 
Japanese Patent Apol!--;>.ticn No, No. 183446 [ten to 1 

[0027Hr¥t h;;;.:- c.>co!.-.5i:at;o;;. With the mask Vvhich has a dot and a st'-ips window by using e GaAs (i 1 i) side as a 
subsu-r:l>--. covers a substr.i3to and casries out vapor phase epitaxy of the GaN fiim on it. Since a crystal 
nucleus grow.s independentiy from the isolated window and it unites on a mask, the number of defects can be 
rsdused. Extension of a rsarrsngsment can be cut off and Isttie c?7stal of a defect can be grown up, 
[0028]Vapor phass epitaxy of the GaN layer Is carried out by such a method on the QaAs (111) side which has 
symmetr-y 3 times, and it becomes possible to martLjfacture liis self^supportad film which removes a Qa,^s 
sub.strate by etching (aqua regis) and polish, and consists only of GaN(s), It is mads such and the surface of the 
made OaN or-ystai is a C side (OOOI). That is, (0001). it is a field GaN crystal, 

[Q029lFurthe.rn-;ore to i;hs GaN ir-dependenc;; s-nonocrystal substrate with a di;5mster of rsot le-HCi than £0 mm 
and a thickness of 0.G7 mm or more which were produced with such a msarsufacturing method is proposed. This is 
aiso a Ga^4 (OOOt) crystal with G side. Furthermore, this inventiors person's irsvention is started. [0030]^-* 
.iapansse Patent Application ISlo. No, 171276 [ ten to } 

[0031jThe GaN independence monocrystal substrate produced Vv'ith and such a manufacturing method is 
proposed. This is also a fieid (0001) GaN crystal. In these inventions, since vapor phase epitaxy of the GaN Is 
thickly carried out to a GaAs substrate, curvature is made inevitably, and what what should be done with for 
reducing curvature, or ? has been a problem. The oonditton is searched for although it may become a case where 
a grown surface (C side) turns Into a l^at field, and a notched split face. Uo^t conductivity types have not been 
problems. 

[0032]** Kensaku l^otcki. Takuji Okahisa, Naoki Matsumoto, l^asato Matsushima, Hiroya KImura. Hltoshi Kasai, 
Kikurou Takemoto.Kojl Uematsu and Tetsuya Hirsno, Masahiro Nakayama and Seiji, Nakahata and l^^asakl Ueno, 
DaijiroLi Harg and Yosbinao. Kumagsi. Akinori Koukitu and Hisashi Seki."Prftpar5t!on of Large Freestanding GaN 
Substrates by Hyd.dde Vapor Phase Epitaxy Using GaAs as a Starting Substrate", Jpn. J, .AppLPhys. VoL40 
(200 i) pp.L 140-143 [0033jGaN .single crystai seif-supported film is manufactured for the QaAs (111) cr^/stal 
by the i;3teral ovorgrowth method as a substriste. This is aiso a GaN (0001) crystal. The diameter of thickness is 
a £~inch crystai in 500 micrometers. It is said that it was a n type conduotivity type. Dislocation density is 2x10 
"'cm"^, carrier concentration is n~5x10 '^cnf^, and it is being explained that mobility is ilO-cm'/Vs and 
resistivity is S.5.x10'"'''oniegacrn. A n type dopant is not explained. 
[0034]^^ Japanese Patent .Application No. No. 144151 [ 11 to] 

[D035l.A!though it becomes ^'-h snd this irjverjtion person, has found out that oxygen is effective as a n type 



dopant for the first tme. And the n type GaM seif~supported film which used oxygen as the n type dopant is 
proposed. Furthermors, it has discovered oxygen in GaN that an activation race is nigh and it ss also obss to h 
Sines csrbon (O is & n type i-Tipuriiy G^^"^- the fiu-'ne v^hicn iieeds to eiirnsrusts carbor; as irsuch as possible Isg, 

th=5r-5-fbre — being aioO ai-ks the MOCVD rrsethod which is the present rnsinstresn-s ■■s not preferred, k is 

claimed that the HVPE reethod is good. 

[OOSojSirsce GaN Is a crystal of the hexagonas system (Hgxagona! symmetry) which has syrof^ietry 3 times, th« 
notation ot s ori'<iiai face is different from the case of cubic system (oubio synimet-y), such as GaAs (sphalerite 
type). The cr/stai notation or a hsxagooai system is described briefly. There are a method of expressing with 
three parameters and a ;r>ethod of using four parameters. Here, the exoression using four parameters Is used. It 
is considered ss the tsrst ti^-res pnncipai -axis a-axes, a b-axis, and d ay'^r^. Ti^ese principal axes are on 1 Hat 
surface, and have conststuted the centrai arsgie of 120 degrees. And it is a-b-d 

[0037]There is an axis which intersects perpendicuiaHy with both a h and d. This is caiied c axis. C axis is 
orlginsl to an a-^axls, a b~axis, and d axis. There is a crystal face of paraHel a large nuniber, The section in which 
it counts fr om the stsning point of the crystal face, and the 1st crystal face cuts an a-axis., a b-axis, d axss, and 
c axis presupposes chat :t is in the distance of a/h, b/k, d/m, and c/n from the starting point. When the positive 
portiors of these axes was not abie to be cut, it extended on the contrary, - A crossing with a. -b, and -d is 
considiircd, h. k, m, and n a-'e certsiniy integers. He pro-rsises the indices of crystal oiane in that case as wh-st is 
written to be (hknirO. 

[0038] Restriction rule h*k^-m~0 [ geometic in the index about the three principal axes a. b, and d j snists. Thg 
index n of a crossing with c axis Is fi'ee. Since it is a custom which cannot go a comma into expression of indices 
of cr^'Stal plane, what put four Integers of posiUve/negative in the parenthesis serves as a notation. It Is a rub 
of n^ineraiof'v th-st a negative number draws and expresses m upper line on a nu,mbsr. Since it Is not made, 
;?iin«.^^ n^jn;^>r-do- '^re attachsd and expressed in front here, 

[OOSSJindsYidsjal side expression is expressed by (hkmn). It is blanket side expression which is expressed by 
thkmsnf. It is a comprehensive expression which includes ail the plane directiorre oviiio^^ can ce chg:-!?;-:-n by the 
symmetry operation of the crystal. 

[0040]There Is expression which indicates a iine direction to be a plane direction independently, [hkmn] 
expresses the individual direction. This means the direotlon which intersects perpendicularly with an individual 
plane direction (hkmn). The blanket direction display is <hi<mn>. This is a set of ail the individual directions which 
can reach by the symniefc^-' operstion which a crystal allows h-om an individual direction (hkmn), 
[0041 ]C side is the mcs: cypicai field It can be said that all GaN(s) produced by old crystal growth are C side 
growth. When using different-species monocrystai substrates, such as sapphire and Qa.As, since a symmeti-y 
side miist be used 3 times, the field which grows on It is limited to G ssde. There are two nsid.'?. in-^po-t-ssrl ir; 
addition to G s;de (000 1 ). 

[0042]One is it -100} side. This is a cleavage plane. Although it is a field vertical to 0 side, this is a set of six 
individuai sides. Ail of {1-100), (10--10X (01-10,), (~1 100), (-1010), and (0-110) are called M side. The cleavage 
plane has accomplsshed the angle of 60 degrees mutually, and does not intersect perpendicularly. 
[0043lThe tieid wh«re one more is important is (1 1 -20j side. There is a common name also in this and it is caiied 
.A side, A side is not a deevsge piane. A side is also a genera; terni for six individual sides. All of (1 1~20), (l- 
21 0), (-2 1 1 0). (2- 1 - 1 Q). (~ 1 2- 1 0X and (■- 1 1 20) ere caiied A side, 

[G0443Aithough G side is decided uniquely, ,A side and M side have a thing of thr-ee different direction.?. ,A certain 
.A side and a certain M side intersect perpendlculariy. Therefore, A side. M side, and C side cars oorvStitute ths 
group of the field which inlc-sects perpendicularly. This invention person [0045]'?'* Japanese Patent Appiicatlon 
No. Nd. 147048 [ ten to j has proposed the GaN device which has a cleavage plane (M side) in the neighborhood. 
This is also a GaN crystal v','hich uses G side as the surface. Since it was the Invention which makes an issue of 
a cleavage plane, it rnentionsd here. It is proposed [ that the device for rsdi;cing penetration dislocaticn is aiso 
various, and j. T his invention persor? [0045i--«f= By making it grow up to be o shaft orientations: rsot carrying out 
mirror plane growth of the C side, and holding facet surfaces other than G side, Japanese Patent Appiicatlon No, 
No. 2738S2 [ 1 1 to ] sweeps and brings near a rearrangement by a facet, and is reducing the rearrangement 
Although while this maintains a facet surfece Is said, it is 0 side growth on the average. Furthermore, he is this 
invention person. [004?]^^* The appiioation for patent No. 207783 [ SOOO to ] has discovered the chsaracter in 
which a field and the penet-atiof^ disiocatian in GaN cro.ss st right andes, and extends. If It is C side gi'owth, 
penetration disiooation is extended to c shaft orientations. Then, this Invention start.s GsN which earned out C 
side growth to A plans direction. .A side growth Is carried out on it, or it starts GaN which carried out G side 
growth to M Diane direction, and proposes the elaborate method of carrying out M side growth on it. it is the 
skillftjl invention of starting In respect of C aRier that and obtaining the GaN crystal of low dislocation, 
[0048]It has advocated that orsly this conventional technology and H'=*' make it grow up fields other than 0 side 



for the llrst tsms. Although the purpose was different, smc^ ft was the first invention that perceived the psane 

dirsctiof^, it was mti^oduced hsre, 

[0049] 

[Problenr's) to be Solved by th-^- InversticnjThe QsN vapor phase gro'Alh tc a sapphire substrate top growing 
uo C Side 3s the upper surface without exception. When growing up GaN on the 3 tinges syrni^KHry plane of >3 
sapphire substrr^te (alpha-aiurr^inurn gO-^l C side turns into a mirror piane with syrnr^istr^.' 6 times, ai^d it is the 
easiinvt to grosv up it "fherefors, Ga!nN-LED on the sapphi-e substrate which is manufactured now and lissd and 
GafnN systefrvLD are tha plies of the GsM layer of C sids. and a Galni^^J layer. 

[OOoOjIt is ipwn up so that 0 side ir^ay turn into the surfsce, asso when using GaAs a.s a substrate, arid also 
whsn it is the same and GaN is grown up on the 3 times symmetry plane (t H) of GaAs. this invention person 
•■,^?a^ts to uss oxygen (0) as a n type dopant of QaN. When it wds going to dope oxygen, this invention person 
discovered not going into iS grown swrfsc^ (C sfde) easily recently. 

[OGo i]This is not an intefligible phenomenon. Therefore, nobody noticed till these days, this invention psrson 
m?i\yzf;(i the presentation of the surface of a Gi'sN sannpis A'hlch carried out 0 side grov/th by SjMS 
(Secor?df3!-\'l«n Mass Spectrosoopy) This Is the n-ethod of asku^g fc the abundsnce rstio of the substance which 
exists in a specimen surface, by counting the number of the secondary ions which accelerate ion (primary ion), 
hit against a sample, and are begun to beat from a sample. Resolution was not ^ough, and since the Ion bean? 
had remarkable breadth, it was emitted at the time of the start from the range with a wide secondary ion. Then, 
it was vi.sibie as iv oxygen was doped by C side, since the secondary Ion of oxygen had also corns out from the 
sample face. 

!l0052iHovv'eyer, if the resolution of SMS is raised by extracting a beam, it is understood that it Is unsxpected. 
When G side y/hich carrisd out surface roughening is seen finely, it n-ay gro-.v there being rrjuch unevenness 
(facet) other than C side portic.n, and holding an inclined plane. .A seco'sdarv :on is e;-!-:ittcd .:;lso from a concavo-- 
convex portion also from C side. When C sids and the uneven part (facet) were distinguished and the oxygen 
secondary ion was measured, it tunned oiit that oxygen hardy comes out from C side. Ev&n when were 
converted and oxyien densities other than C sidg were 5x10 ^^cm"^, ft turned out that the oxygen density in C 
side on the same crystal surface is less than 1x10 ^'^cm""^. That is. it is thatthsre ara r?o less than 50 times as 
many differences in the capability to ineorporate oxygen. An oxygen secondary ion does not come out from C 
^ids. but. in fact, is emitted from the facet, 

> V ''v . ' « s '^■^o^o* >.'a- \x^d t> ^ nori ^^c C side of ;j vvhcift surtacs mirror plane 

was created and it analysed in SIMS from the susface, too, oxy.%-en was less than 1x10 ''om"-\ aiui concentration 
was lew. 

[C054}l hear that oxygen is hardly doped by G side, and saying has it in it It is C side .growth end o,<ygen goes 
into oxygen not going into C side automaticaiiy because latere are facet surfaces other than C sids. Such a thing 
is understood for the first time, 

[QQBDlSincs the single crystai is growing, every portion wiiJiin a field of crystal orientation is the same. The 
poftion of a f'icel .iiro has the structure where the upper part becon-ses c axis. Therefore, it has grown to be c 
shaft orlent.;llor;ri- A.itnough it Is so, i hear that the field exposed on the surface is not a C side, and it has it 
.And it is not based on the internai crystal structure of the pa.-t whether the oxygsn contsined in material gas is 
incorporated in a cr-ystai, and it is based on a microscopic structure of the susface at the time oi" crystal growth 
itself. If the surface leans and it is exposed of fields, for example, M side, and A sides other than G side, it will be 
said that oxygen is incorporated according to the ori^nal oxygen adsorption capability which ths l^eid has. 
[QObGjThe portion whion serves as a facet in growth of GaN continues along an average grcMh direction in 
n-afiv oase.s, A facet dees not repeat dLssppearance and generating frequently. For ex -iinple, when carrying out 
orystai growth lo c sfvaft odentation,';, s facet surface Is maintained, ,i hear that GaN grows up to be c shaft 
odcintstlons. a-Ki it is ir; s ior-gth\s'is8 dVection. Therefore, when an oxygsn density is measured to the depth 
direction of a crystal in c shaft orientations combining SIMS and etchirsg, oxygsn density distribution shows the 
same dispersion in every depth generally. Therefore, aiso in 0 side growth, oxygsn is doped because microscopic 
facet ssrfaces other than C side exist. 

[GOoTjSuch a thlrsg Is not yet known by the specialist of the field, either, this invention cerson etc. wii! not clarify 
wlti^oul the reason G-sN v-^^hich carried otit the oxygen dope becomes s n type, Oyygerf wiii replace a nitrogen 
site arid will become a n type impurity. However, it is not yet in uss to uss oxygen as a n type dopant ii-i GaN, 
this invention person only claims, Silicon (Si) is in use as a n type dopant in Gaf^. it is thci^gi-;t that Si replaces a 
gailiu.m (Ga) .site and becoi-nes a n type. The actual condition is that the idea of sising oxygen as a n type dopant 
;s not found other than this inveiltion person. It is not yet known ihstt there is a plane direction dependency in an 
oxygen dope at It Since GaN ^owth grows from the dissimilar material which lias symmetr-y 3 times, only growth 



which csrtainiy uses C side th<a sumc^ i$ peftorned Ho^-^ever, ox-/gen hardly goes inco C side rroni ths 
sforer--:ent.io!"isd sxperlmerst. Therefore, if it pfersiats in C f;;ced n;irrcr side gfovvth. oxygen canr>ot. be doped by 
the concentration of a reciuost, \ iiear that saying cannot make the n type GaN board of desired fesistiyity,, and 
iTis-re Is. Based or? such rsew discovery, this Invention proposes the GaN crystsi growth method which can dope 
oxygen efficierstly. 
:rOQ58j 

[Msans for Solving uhe Probien-slAs 3 fesuit ot repeating a detaiied examination, such as. changing s grown 
surface and grov/mg up it, it tunuK-i out ttisit uptake quantity of oyygen has a plane dsrectioni dependency. A 
rs&uit of this inver-ton pef-?ori s sxpenrr^ent d soovered Ibal tf'ie-'a >v£3 a olarss; direction dependency of oxygen 
doped quar;tily. Aitt;ough it did not go into 0 side at it, it i-i dsi stoori tlist I do not hea>- that oxyg-i;n does not go 
is-;to any plane dirsotions A field into which oxygen goes easily except 0 side (doped) exists, k has turned out. 
that 3 piane direction which is easy to carry out an oxygen dope has a thing of two kinds greatly, 
[DOSSlk Is the following plane directions. 
( I ) ikk-2kh| (k ssrsd h are integers) 

It tur.n.s out that iTi"20| side shows a prciTsinent effect especially. Incorporation e^oiency of oxygen is iarge siso 
in respect of |1 1 -Til st seems that incorporation efficiency of oxygen tends to fall as it becomes high indices of 
orystai piano, 

[Ci060](2) ik"k Qi-sl (k and h aro integers; 

In particular, an effect with prominent i1~l09| side is shown. Incorpoi^tion ofnoiency of oxygen Is largs also in 
respect of f1~1D1|, It seems that there is a tsndsnoy for Incorporation elfloiency of oxygen tc fd\ as this plane 
direction also beoofr^es high Indices of crystal plane. 

[0061 jThat is, thero Is a ihing, such as peculiar oxygen doping capabllily. in a field thkmn], and a function of OD 
(hkmnl can express this. 

[0082] Although details c-f OD inkmn) are not yet known weil, OD|hkn-in| >0D {0001 1 can be said about tields 
[hkmnl other than C side. That is, 1 hear that oxygen doping is the most difficult field, and C side has it. 
[OOSSlAbout A side |l 1-201, it is 0D|1 1 -20} >50OD {0001}. Rather than C elds, I hear that it is easy to carry out 
oxygen doping of the A side 50 or more t'mes, and t^sre ss. 

ro664iAiso about M sids (1-100}, it is ODf1-100| >50OD (0001]. It Is easy to carry out oxygen dopinf of tl^e U 
Side 50 or mors tii^jes [ side / C ], 

u3065jln O'-de!- to perforsr^ oxygen doping; doping caii be ei'loS'^'^^iv nr-ne by cari-ying ouz orystal g.^'OWth so that it 
may have fieids othsr than G side In the upper surface, irs order to dope by this method, irs s fk;d whose 
histories of Ci^'Stai growxh are fields oiistr than C side, oxygen doping is rrsade withi.n a bulk crystal, 
i0066]The whole surface does noi: isecesioriiy need to be these crystal faoes (except for 0 side). It may only 
e.xist in a form of a facet surfacs ssiectiveiy. When C side growth portion exists widely, of course, oxygen 
incorporation efficiency in the portion is failing. 

[0087jAs fof the plane direction dependency of oxygen incorporation, this invention persons have Just 
discovered the phenon-ssnon Detsiis cf the mechanism are stsli unknown. Since the methods of combination of a 
specifio eisrndsnt resi-iitlng r>om ststes of a hand of combination of an atorf- which has cciive out cn the surface 
cf a crystal face differing differ, it is thought that how an isnpuHty is inoorporated cha-^ges 
^^DOaSjvVhen essseciaily a GaN'.OOOl) Ga side turns into a grown surface, what a mechanism by which oxygen 
hardly goes into a nitrogen site Into which it should go a n type carrier is committing is conjectured These 
phenomena are universal phenomena seer^ when what kind of substratum substrates, such as sapphire, SiC, and 
GaN, and a seed crystal ar« u-sed, though natural, 
[0069] 

[Hmbodiment of the Invention] A.s for doping of oxygen, it is most effective to include water in the matenal gas in 
cr\'stal growth. In HVPE. water is Included in ammonia (NHg) and hydrogen chloride gas (HCI), An oxygen dope 
may be carried out by the moisture contained from the first, even If water is contained In NH^ and HOI as an 
iivr^u.j-ity iroi-n the first in many cases. especiiJiy it dees not add vv-ater to material gas. However, in order to 
pen'oi-m oxygon doping stably, it is desirable to acJ a iittie water to msteriai gas quairtitativeiy, 
[0070].Accoi-d!ng to the thought of this invention, it divides to the method of can-ving out o.<ygen dopi^ig 
effsciently mostly, artd there are two techniques. One Is a thing to grow up in the direction of [ other than C 
axis 1 (un~C axis gr'owth) and to do, and another is making C shaft orientations carry out facet growth. That is. 
thsiv are i^n-C a.xis growth and facet C axis rowth. 

[00?i](Sheii) How to manufacture the rnorocrys^si .ngot which carried out crystal growth f-eids other than G 
side, and was extended to the plane direction using the seed crystal v/hich has fields fhkmnl oLher than a [un-C 
axis growth] 0 side In the siirface (upper surface). When tiie method of a shell is maintained as it was and 



carries OL;t crystal grovrth or the crystal face Ihkr-nl of a si-ic crystal, on th6 whoN.- si-irfgc-i;, oxygen doping 
made eH^fciently, 

tOO?2]For -sxa;75Pie. on the Vvhois seed crystss sunace. ;i~lOO| sids {M side) or oxygen doping efficient when it 
generally the ik-k Ori| side (k and h ars integers; is psrforr^^ed. 

fOO?-3]( n~20| (A Side.; or generaiiy also in a [kk-Skh! side (k and h are irvUgers), it is the same. The oxygsn 

dop- efficie-^ov -r :his zaz^ ll- s^mpsy, ro074lOD~OD|hkmn| 

r0075]8s siike is exprest;ed symbolbally. This method has some probisms irs performing. althoupS the pmcip^e is 
sirvipie The QaN singls crystal with the surfsces other than C side does not exist f -aturaHy, and cannot be 
-jg^e^o^- j . „oo \ ^^.-^ ta<v f^-n^ 8 d'ffefp'* ^.4. -bv e ".-^^^ r-ow- ^ n ^ f^e 0 r -^es ^ 

symmetry plans of sapphire used for LED or LD now and .a QafnN thin 6in- aa^ C s^ds crystals. When it is itiade 
to grow up on a sapphire substrate like point sapphire cannot be rennoved and a QaN orystal simple 
substance cannot be obtasrssd. 

r00?8jVVhefi vspor phase epitaxy is carried out on a GaAs (111) side, a QbH crystal with C side grows. Si.nce a 
GaAs substrate is removable with aqua regia the simple substance single crystal of QaN is obtaingd However, 
the surface also of the crystal is s C side The cr/stsl of i:-siok GaN is if^ade, for example, the singb crystal 
which c-jts to ,A plane direction and has A side in the sur-^aca is s-nade. and ietthiis be a seed cr>'Stal, Thus, the 
orcvicais proces.s of n^isking .a seed crystal with fields other than C side is needed. 

[007'7l(Second) Hov'^ to niaks it g,rovv up so that it may have facer ssjn^aces oLhsr than G side if it sees micro 
although the crystal which uses a [facet C axis grov^h] C side as the upp^r surface Is grosvn up. 
[OOTSjEven if the average crystal fece m the surface of a seed crystal Is a C side, wher? it grows up with facet 
su,>faGss othsr than C side micro, 3s for the method of the second, the elfsct which dopes cj?ygen throiigh a 

fecet surtacs Is acquired. 

r00"?9j.As a cc?icri:te facet surface, there are lk"k Oh| Sides (k and h are lnte.f;er'> , ^i,,:;-: i r 101? ,-.ido, i ho^o 
are the nsids which made M side inclins. Since the M side itself Is vsrtscai to C side, a facet .surfscf; ooes roi. 
become. 

[OOSOlOr there are (kk-2khj sides, such as (1 1~22] side, etc. These are the fields which made A side inolinc. 
Since the A r>;dc itself Is vertical to C side, the facet surface In C side growth does not bacorr^e. This is a case 
where s sinslr; lacet surfece Is inclisded In C side, 

[008i1;v?^c;; r..rigls but a GaN crystal has symmetry irt the clrcumferer^ce of c axis 0 times, these fields are sets 
of six individual .^ides. Even if it is a single field, a 6 ****Hike hois (pit) and s 6 sK***Hlks projec-^sjrt can be 
formed on C side. Aithciigh ,=sil fields msy not appear, a 3 pyramid-like hoie, the hole of a projection or the shape 
of variant 5 and a projection arc still formed. 

[0082]Atthou#i this is a case where a single facet surface is included, an oxygen dope can be validated by 
carrying 0!.<t C side growth which includes two or more facet surfaces. For e.xample, oxygen doping can bs^ 
carried out by cas-rying out cr/sta: growth Including two or more facet surfaces which consist of a (kk~2kh| side 
j , < s " > .\=;-oi,:i ' "21|s!de sIk and |t-101| side can form right ? 2-sided pyramids by six. 
Such a ho^e o^- a crojeotioi-i G;3n be formed with the combination of two fields. If three or mors fields gather, the 
hoie of 3 more compilcatsd-shaped pyrsmsid and a projection can be ii^ade 

[0083]VVhen carrying out G side growth, holding the pit-iike facet surface of reverse 6-.-^id6d pyrafr^ids (6 pyramid 
holes) and reverse 12 pyramid (12 pyramid hoies) shape which consists of a set of a ikk--2khl side and the ik-k 
Oh] side (k and h are integers), an oxygen dope can be carried out in this plt-ilke facet surfece. This method is 
oxygen dope efficiency: if it is compiex and existenceHn C side of {hkmn| side probability Is written to bs rho 
-r.m. ' :C0S<l'Cr=s^,r:3^^c,h^n-<- CD ihkmn] 
Thus, it can express synibolicaily, 

[0035lTns growing method of GaN can use all, such as the effective HVPE method as a srovv:r?g method on the 
conventional sapphire ^riubiitrate, the UQO methr d, the MOCVD method, sp.q the SLsbiirnaiing method. 
[0088] 

[b'yaniplejrExample \ (crystal growth which uses M side U-IOO) as the upper surface; drawing 2;,] The surface 
st,'irt.sd from the ingot of the GaN single crystal prepared the GaN seed crystal which consists of an M side (1- 
"T>^ .c?-8'\' ' ^ )l On a vasAs substrate &v the lateral overg^ov^.th :rsetlwd a GaM single crystal c^Tes o-s* 0 
side grovYth af the GaN, and carrie,"? out dissolutioo removal of the Ga.As substrate with aqua regia. Since it is M 
?ide. It will cut in ens field paralle! to this direct:or? of crystd grOvVth. 

[00e?jThe Sijrface polish of this M sids .seed crystal has been canieo out. and a damaged layer is r&moved and 
does not exist in the suftace at all 

[OOSSlOn this seed cryst-^l. the GaN crystal was gromi up by the HV.PE method (-cirawing 2 (b) The growing 
cof^dition is as follows. About NH.,, y.<'hlch is material gas of nitrogen content, the material gas having contained 
about 2 ppm water was used. Water Is included as an oxygers source. 



[0088] ■■ Orovvirg tBrnpsmtum 1020 and HH^ partial pressure 0.2atm (?x10 ^Pa) 

- HCl paa^as pressure lKlQ"^auT? iiO ¥a) 

- GrovVlH u;v,e 6 ho^r3 fOOiOjGsovvrh rlln-s thickness- Vv^ss se'^ Lo ':i>ovi. 500 rf^Sjron-i^te^-s Th-ef^, grindirig rsrnovai of 

- 'ifeci c^^"'€. ^--tn .-^ o ^;;'V.. o n oar eo ^ > ^ <^ ^ -> ^ -..-^"j^e >^"S > 
i&a\'-Ang 2 Uij) The thickr-sss of the crystal iayer !-ru:de only into the groA'ing region except fo^ the seed cr-ystai 
was about 400 micrometers, 

[OOS ilWhen the etectrical property of this sampie is searched for by hde (Hall) me?s!ir^,nr>e'>t. t^e f-ve'-age by 
foijr pospt? 5s - csMer co'5ceniration. 6xi0 ^^"cn'i""^ and cam&r mobility - it v^'as s » a> < t- v.,'^ v"; ' sr,d 
was aimos.t unirorri- w;thin crystaL 

L0092]rurtherrnore, SMS (Secondary Ion ^lass Spectroscopy) analysis near ths surface o-*' f-v^ !:■-' C5v„;7^pie vvd^ 
conducted, Ths measurement showed the following. 

[0093]Hydrogen (H) 2x10 ^ 'cm"^ carbon CO) 3x10 ^ oxygen (0) 8x10 ^^cm"^ siKooh (Si) 3x10 ^'cm-'«[0O94] 
Oarrisr concsntration is 6x10 ^^cm"^, and an oxygen density is 8x10 ^^em"^. carbon Cordsr of 10 ^'^cm""^) snd 
silicon {order of 10 ^^om'^) which may become a n type Impurity In GaN — carrier concentratlofi (order of 10 
^^cf^s"^'^; ■-- it ;s aise good — it is lov/ much, I hear that saying originates in oxygen and these carriers seieccrc?^- 
have it 0>vgs,'-s Is working as s n type impurity and it suggests thst the sctsvatlon rate ;s quite h\^j\. 
roOSSjWhen resistivity is measured, it has quite high conductivity by the ?x10"^cmegacm grade, ii can use as a 
QaN board of n type conductivity. That is, it becomes possible necessarily not to have to take n electrode on 
the upper surface iii^e sapphire, and to take n electrode from &e bottom of a rs typs GaN board. The sample 
n^arsu^'actursd fay this example is a GaM board of the simple siibistance with the ^at surface which is 400 
micrometers in thickn6S.s. It has shape which performs epitaxial growth after that and can produce a device on a 
QaN board, 

[009ej[Gomparative example 1 (orysi^l growth which uses C side (0001) as the upper surface; drawing; 3)j Ths 
QaN seed crystsi which v-as cut down fron^ the ingot of the GaN single crystal and in which the surface consists 
of a C side (DOOt) side was prepared (drawing. 3. (a)). Surface polarity is Ga side. The surface polish of this G side 
sesd crystal has been carried out, and a damaged layer does not exist in the surface at ail 
[0097]QaN was gro-^.'n up by the HVPE method on this seed crystal The growing condition is as follows. About 
Kf s^ „r ■-;h is material gas of nitrogen content iike Example 1^ ths material gas having contained about 2 ppm 

vvater was used, 
i0098j 

- Grooving temperature 1050 and NH3 partial pressure 0,15atm (1.5x10 ¥a) and HC; r-'^^t^^' ---e-ssure BxW 

^rjtrrs (5x10 ^Pa) and gros'^.'th time 10 naur3[009§lG-'OVvi:h film thickness %'as set to about 500 m;crometers 
,d-;^vvi-!g 3 (d)). The surface ,v^,v: ^-a -^.vo-- t'Tsr-ed-surface-forni voice which cor.sists o^^tlelds (0001), It turns 
ouctbat ihe ,';u?-fac6 a*te> -;ovvih is also roaintsinsng C side. Then, grinding removai of t'ne seed crystal section of 
e ground vva& carried out ~, drawing 3 (c)). The thickness of the crystsi iayer vvhicii ground the s-j-f«r,e snd 
n-,.3de only ^nto the gi owing region except for the seed crystal was about 400 n crirsete^*:- , C 

fOiOOlic was incapable measurement although it was going to search for the electrical prcperty c-f this ssmpie by 
ho^e (i^aiO n^easurement It h because the cause cannot be measured with the measuring equipment which the 
GsH crv'i-tai serves as a film of high resistance, and electrical conductivity is very low and is held now. In every 
ooint, it wss incapable measurement in the substrates face. That is, the eleotror? which can move freely is 
scarce, carrier concentration i,s too ov^^ 1 hear that sufficient current cannot fsow a>^d Tisasure and the^e i,v. 
[0 = 01 jf-Lrt^^ermore, SMS (Secondary Ion Mass Spectroscopy) analysis near the surface of this sampie was 
-::o-Kkjcu^d. The measurement showed the following. 

roi02]Hvdrogen (H) 1x10 ^^cm~^ carbon (C) 7x10 ^ oxygen (0) 1x10 ^^cm"^ silicon iSi) Below 2x10 ^^cm"^ 
L0103]1>^us, af> oxygen density is much iowe-' than Example 1 !t tu=-n$ out that it isjsliing t;> a::Out about 1 / 
= 00. This originates only in the difference i-^ a piane direction side and M side). Ihat is, atoul incorporation of 
oxygen. I hea;- that there is a ' Ofrarkabie piane direction dependency, and it is, E is decreasing to 10 by about 
1 .'3iso atsout Si. a-^d a piar^e di?'ecbon dependency is seen also about Si< It seems that a lot of carbon and 
hydrogen er:ts? into a arystai of ths d:rectior? of C side growth rather. There are fevsf and dependencies. But 
oxygen snows ren'sarkabie oiar e direction dependence. 

[01 04] According to ih;s co't^parative example, since there is little uptake Quantity of oxygen as a n type impunty, 
a rs typs carrier {eiectr on^' is not emitted but it is thought that it will become an insulator. Since the substrate 
such high res}$ta,noe cannot take out n electrode from the bottom. It cannot be used as a conductive ,^ubst'-ace 



of a GaN device, 

LQ!05]rEy3;ripie 2 S.Cf-yst3i growth which uses C s ce xOOOs : as the upper euft'ace. and n-^aintains a pit-like facet 
?urf3os: drawing 4)1 Ths Gaf^ seed crystal which was cut down from the ingot of the GsN Single crystal arsd in 
whioh the su'-fsce consssls of a G side (0001) was prepared (drawsng.,4 (a)). The polanty of this surface is Ga 
side. The surface polish of this C side seed crystsl has been earned out, and a slirface dar^aged byer h 
rsfrioved and -does not exist at aiL 

[OlOeJOn this sesd crystal, QaH was grown up by the HVPE rrs«!thod The grooving conditiors is ss Mows, About 
NH,^ which is material gas of nstrog^en content the rrsaterial gas having contained about 2 pom water was used, 

[01Q7J- Growing, terrsparst^jre 1030 ^=s< and NH3 partial pressure 0.2ate"t (2x10 ^Ps) 

~ HCf partial pressure 1xlO"^atm (10 ¥a) 

- Growth time 5 hours [010S]Growth fiim thickness was set to Bbout 500 micrometers (4 Cb)), "Fris; surface state 
was not a mirror pisne of ^at C side like the comparative example 1. The surface of ths cry'stai after growth has 

a facet surface of a iarge number which consist of facets other than G side, a facet surfscs giitteHngiy — 

iight is renscted, and it shines and is visible. The pit-ir^-s gestsjit whicis consisU o; a facet surface of the shaps 
of reverse 6 pyramids and the shape of .^-everse 12 pyramids espscisiiy is seen. That is, it is a set of the pit of a 
pyramid. These .spindle surfaces are facet surfaces. Most G sides are not seen in this sarnpis, 
r0109]The thing of various pbne directions is Intermingled, There are many f1-1G1l side, {i ! -22| sides, f i~T32| 
sides, and i11~24| sides, summanzlrsg these |k~k Oh} (k and h are integers) and a {kk~2kh| side (k and h are 
integers) as ~~ it can escfsress, 

[CIIOjThen, grinding removal of the seed crystal section of a ground was earned out (draw|ngj:„(c)). The 
thickness of the crystal iaysr made oniy into the growing region except for the seed crystal was about 4CK) 
micrometers,. This substrate does not havs the ?l&t sunace. because of a facet surface. Then, both sides were 
ground and it was considered as the 350"micrameter~thfck substrate (drawing.4 (d)), 

[01 1 llWhen the elect-icai property of this sample is searched for by hole (Hall) measurement, the average by 
four soints is - carrier concentration. ~ 5x10 ^^cm"^ and carrier mobility " 170 Vs/cm^[01 12llt was a grade 
and vv."!p; 3imo^:t uniform within the crystal, SIMS (Secondary Ion Mass Spectroscopy} analysis near the surface 
of t1;:; nea:iy ;v^m-: sample was conductari Ti"e me,3s;jrement showed the following, 

[OIISjHyCrcgor i) 2.^U; ' ' cm"^"^ carbon (G) 3x10 ^'^crn"^ o>:yger> (0; 5x10 ^^'cm"'^' siiico?^ (Si) Below 4x10 ^'^em"'"* 
[OIHjCarrie; oon-,;o;:lra!:iori is 5>;i0 ^^'crn"'"-, and an cyyj-en densiiv -.s 5x10 '^c.^rf^', carbon (order of 10 '""cmi""-^) 
and silicon (order of 10 '"^'cmr"'./ which may become a n type impurity in QaH — carrier concentration (ordsr of 
10 ^^cm"^) — it Is also good — it is low much, I hear that saying originates in oxygen and these csnriers 
{eiectiron) have it. Oxygen is oommitting that an oxygen density and carrier concentration are comparable as a n 
type Impurity. 

It suggests t^iat the aotivalson rate Is quite U^. 

[01 16jWhsn resistivity is measured, it has quite h!#? conductivity by the 6x10"'^omegacm grade, it can use as a 
GaN board cf n type sonduotivity. That ss, it becomes possible necessarily not to have to take n electrode on 
the up&er t;i.irface iil^e saoDhirs, and to take n electrode from the bottom of a n type GaN board. If it is grown up 
Ihis :bX3mp:e riaintain.ng f,5c;'it surfac'iis othe' than 0 side also by growth of c shaft orientations, oxygen enter,^ 
From a facet ,'5urface and t means that the n type GaN crystal of bw resistance can be msnufaclured, I'he test 
piece concerning this evampls was s n type GaN board of the simpie substance with the ftat surface which is 
350 micrometers in thickness. After that, it grew epitaxially further on the GaN substrate fkce, and was ths 
shape in which device manufacturing is possible, 

ions] 

[Effect c-f the Inventionlln C faced mirror side growth of OaM performed so far, oxygen doping was almost 
injpcssible, "his invention s made to perform GaN rrcwth, n-iakinsr fields cth,er than 0 side expose by carrying 
out G side grov.'th n-^,3king k gs-cw up so that fields ofj^s^ ti-;ar. C side may turn i-ito the uppsr sun-ace, or 
mairstairiing a meet By this Invention, oxygen can be effectsveiy incorporated into a GaN crystal. The doping 
quantity of oxygen is correctly controllable by deciding a plane direction. Oxygen can function effectively as a n 
type dopant. It is the very efficient oxygen doping method. 
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DESCRIPTION OF DRAWINGS 



[Drawing i^The olivine seciicirai view of the OsN cf'ystal growth device by the hVPE niethad 
[Drsvv'ing 2jThe si-ctsonal view of the G.^N crv^iel in which "he crooss? of Exan^Kils 1 o-' grossing ijp a CaN av-:-r 
with vapor phase ^''Oi.'vth on a QaN .?eed o?■vi^ta^ with U Side (l-IOO's is- shown. As tor (a), ib) is a GesN s^ed 
cp/stal sectional vsew with s=de J "IOC), and a GaN crvsta! s&ctianai view hi the state where the crystal (l~ 
1 00) was grown up on the GaN seed sr/stal. (c) is the GaN crystal sectiortal view of only a gro^vth portion from 
wHoh $,he seac of^'stal was removed, (d) is a sectional view of the M side QaN crystal in the state where it 
ground fuft her. 

[Drswing Sjlhe sections! view cf thti GaN crystal ri v.hich t'^^e process of the somparative sxarnph? I rrowing 
up a GaN :ay^'- ^-apor phcsss grcvslh on ,3 GaN seed crysfcsl vvst'^ G side (0001) is shov/n As for ^a', (b> is a 
GsN S8sd C!7stai sectional view with 0 side (DOOiX and a GaN crystal sectional view m the state where the 
crystal (0001) was grown up an the GaN seed crystal, Cc) is the GaN crystal sectional view of only a ^owth 
portion from which the sesd crystal was removed, (d) is a ssetfonal view of the 0 side GaN crystal in the state 
wherfi! it p'ound ryrthsr. 

[Drawing 4lTha sricticnal vii-;sv cf tht Gi-N cn;>t?S n wh-ch t^e proct;ss of ExarnDle 2 0" growing up b GaN sayer 
with vapor phase gfOvVth whiie naintainsng a facet sus-face on a GaN seed orvstal with C side (DOOl"; is shown. As 
for (a), (b) is a GaN seed crystal sectional view with C side (0001), and a GaN cn,/2tas sectional vVvv i-^ the stats 
where the crystal which has s^any facets on a GaN seed crystal (000 1 ) was grown up. sc' is the GaN i'-ystal 
sectional view of oniy a growth portion from whbh the seed crystal was removed, id) ss a sectisna) view the C 
side GaN crystal In tlie state where it ground further. 
[Description of Notallonsl 

£ Her. It- 

3 Maio'ii.! gas snt'-cducing pipe 

4 Material gas int^'oducing pipe 
0 ^Ga boat) 

§ Ga melt 

7 Suseeptor 

8 Axis of rotation 
3 Substrate 

^0 Gas exhaust 
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[Drawing i: 
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